Aim: To evaluate the levels of interleukin1β (IL-1β), interleukin 6 (IL-6) and tumor necrosis factor alpha (TNF-α) in the samples of gingival crevicular fluid (GCF) taken from the late adult rats during the orthodontic tooth movement and to evaluate the responses to orthodontic treatment . Methodology: In experiment 19 adult (120 days) Spraque-Dawley rats were used. Approximately 15 g force applying open coil spring was applied actively between the upper incisors of the rats. Before and after the activation on the 3rd and 7th and 10th days GCF samples were taken from the vestibular surfaces of appliance fixed teeth using periopaper®. Then the samples were biochemically analyzed. For the statistical analysis of working days of each cytokines repetitive variance analysis technique was used. Results: The levels of IL-1β, IL-6 and TNF-α were the highest in the 3rd day and started to decrease on the 7th and 10th days. Conclusions: The cytokine levels of orthodontic force applied teeth in late adult rats are compatible with the levels of studies in young rats.
Introduction
Although a tremendous increase in the demand for adult orthodontic therapy was seen in the past decades, our knowledge on the efficiency of adult tooth movement through the alveolar bone in adults is indeed possible by means of treatments modalities based on experiences in adolescent. However, certain treatments seem to be more time-consuming in adult than juvenile patients. This Goz to the conclusion that, in adults, the biological possibilities for tooth movement are decreased to about onethird of those found in children (1) .
Orthodontic tooth movement is based on forceinduced periodontal ligament (PDL) and alveolar bone remodeling. Mechanical stimuli exerted on a tooth cause an inflammatory response in the periodontal tissues. Inflammatory mediators are released that trigger the biological processes associated with alveolar bone resorption and apposition (2) (3) (4) reactive, and its metabolism slows (25, 26) . Another possible cause might be the use of inappropriate stimuli, because the biological requirements for inducing optimal tissue responses in young and adult invidiuals may different (27) .Concerning the age effect on bone activity, there is evidence that bone formative activity of osteoblasts and boneresorptive activity of osteoblast decrease with age (28, 29) , but also, in adults, these cell may recover a higly activated state under orthodontic stimuli (30) . This ractivation in adults, however, may take more than in jüveniles. The few experimental studies on age effects on orthodontic tooth movement have been performed in rats. Some of them indicate that tooth movement occurs at higer rates and over agreater distance in young than in adult rats (31-33) while others (26, 34) found similiar osteoblastic and osteoclastic activity during orthodontic tooth movement in young and adults rats (30, 34) . By thinking the results of these studies;in our study no experimental groups in which young rats took place were performed. We thought that this study plan was much more suitable for the ethics of animal studies.Because of this reason, our findings were compared with the results of the studies performed in young rats.
The testing site in this study was the gingival sulcus, because its access in the oral cavity is easy and it has a continuity with the PDL. In rats GCF studies micropipettes were used (35). But we used paper strips that are used frequently in human studies.The reason of choosing this method was that it was more practical and to understand whether this technique can be used in rats.
The maxillary incisive teeths of all patients were monitored because these teeth are accessible. It has been shown that levels of biochemical markers in the GCF might depend on different collection sites (36, 37) . For this reason, the incisives were used as both test and control teeth. The control data, collected at the baselines, were obtained before any force was applied. The continuous eruption of the mandibular incisors was bloced, and the incisors werw shortened and abrased to some degree during the experiment.
Iwasaki et al (38) reported that IL-1β levels fluctuated with a 28-day cycle when a continuous orthodontic force was applied. In the early stages of orthodontic force application it has been shown that many PDL cells stain positively for IL-1β.10 Also, Lynch et al (15) reported that in the early stages of tooth movement (12 and 24 hours) many PDL cell types stained positively for IL-1β. Lowney et al (12) demonstrated that TNF-α plays a pivotal part in the assessment of orthodontic tooth movement.
Tzannetou et al (18) used low and high forces to the maxillary molars to expand the palate. Low forces were produced by separator placement and higher forces by a palatal expansion device. They observed high levels of IL-1β levels with both the force levels. Also, Lee et al (39) demonstrated that the mean concentrations of IL-1β increase in the first 24 hours after continuous and interrupted forces. All these studies examined GCF in short time periods as compared with this study. They found that especially in the first 24 hours, cytokine levels increased and then equilibrium is reached, which is higher than the baseline levels.
King et al (40) described an early phase of bone resorption (3-5 days), its reversal (5-7 days), and a late phase (7-14 days) of bone deposition. A similar bone cycle has also been reported in humans (41, 42) but in humans this timing seems to be longer than in rats. In our study the aim was to evaluate the early ctokine levels and because of this the working period was limited to 10 days.
The experimental tooth movement leads to significantly increased recruitment of cells that belong to the mononuclear phagocytic system, and it was suggested that the presence of neuroimmune interactions may be of importance in the initial inflammatory response and regenerative processes of the PDLs that are incident to orthodontic tooth movement (43) . The macrophage has the ability to produce cytokines, such as IL-1β and IL-6, the levels of which are known to increase during orthodontic tooth movement (44) . IL-1β may act synergistically with TNF-α (45) and be a powerful inducer of IL-6 (46, 47) . IL-1β, IL-6 and TNF-α were suggested to stimulate bone resorption and bone-cell replication (48, 49) In our experiment, the maximal level was detected on day 3 after the application of orthodontic force. The decreased number of IL-1β, IL-6 and TNF-α on days 7 and 10.The spring did not require reactivation during the experiment. This fact may explain the reason that IL-1β, IL-6 and TNF-α levels were decreased at 7 and 10 days.
Conclusions
The results of this study support the hypothesis that proinflammatory cytokines play a potent role in bone resorption after the application of orthodontic force. The changes in the cytokine levels supports the results of the studies which state that the young and adult rats have similar osteoblastic and osteoclastic activity during orthodontic movement. Also, in our study it was shown that the periopaper® can be used to obtain GCF in rats.
